• Advanced computational technique known as the computational fluid dynamics (CFD) has been recognized as an emerging tool that is able to reduce the computing time and cost in the design and scale-up of the multiphase reactors involved in those processes, and has been applied in typical equipment such as fluidized bed gasifiers and chemical looping combustion reactors.
• The capability of the CFD in correctly predicting multiphase flow dynamics relies heavily on accuracy of sub-models that account for particle-fluid interactions and particle-particle interactions.
• The overall objective of our proposed research is to improve fundamental understanding of such interactions, and to formulate a new drag model incorporated into particle rotation effects that can be applied to reactor scale simulations
Objectives
The emphasis of our simulation work is to address effects of particle rotation in gas-solid flows with the following specific aims:
• direct impact of particle rotation on the average particlefluid drag force of a particle suspension at various particle and rotational Reynolds numbers.
• indirect impact of particle rotation on the drag force through the change in the particle concentration distribution, or the microstructure of a flow.
• role of particle rotation in energy dissipation of the particle-fluid system.
Upgrade of the Existing Code
Modification of the existing code for direct numerical simulations of gas-solid flow has been completed by
• adopting the multi-direct forcing method in the improved immersed boundary method (IBM),
• retracting slightly the Lagrangian grid from the surface of a particle towards the interior of the particle with a fraction of the Eulerian grid spacing,
• developing an over-relaxation technique in the procedure of multi-direct forcing method, and
• implementing the classical fourth order Runge-Kutta scheme in the coupled fluid-particle interaction.
The second-order accuracy for simulations of translational and rotational motions of particles can be achieved through the new improved code and hence shortening computing times.
Capabilities of the Upgraded Code
• The lift force is defined as the force that is exerted on the surface of a spherical particle perpendicular to the direction of a fluid flow, whereas the drag force is defined as the force that is exerted on the surface of a spherical particle in the opposite direction of a fluid flow.
• The rotational Reynolds number is used to characterize the rotational movement of spheres. • Laminar flow through a simple cubic lattice of fixed spheres [1] was simulated to obtain Darcy's number.
Rer
• Percentage errors in Darcy number D a are plotted as function of the grid resolution at various retraction distances to obtain convergence accuracy [1].
• The combination of LBM and the classical fourth-order Runge-Kutta scheme for the convergence of Darcy's number improved our simulation to second-order accuracy.
• The accuracy of numerical simulations becomes more than second order over the r d range between 0.30 and 0.35 Unsteady flows through spheres in simple cubic arrays at very low particle Reynolds number
• Evolution of average velocity and drag force on spheres in simple cubic arrays are examined when the fluid is accelerated from rest toward a steady Stokes flow by a constant body force.
• Results of our simulation of the unsteady non-dimensional drag force on the spheres in simple cubic arrays agree well with the theoretical predictions both at the short times [9] and at the long times [8].
• This demonstrates that the improved IB-LBM code can simulate the unsteady fluid-solid flow accurately. • The comparison of the data in Figure 2 demonstrates that the present upgraded IB-LBM code can predict the drag force accurately. Normalized Stokes-flow lift force as a function of 1/r h 2 at c = 0.06545 or 0.5 and Rer=0.1 or 100
• The lift force is also normalized by the Stokes drag force of infinite dilution for the convenience of the comparison.
• The lift force does not follow a second-order convergence at the low solid volume fraction (e.g., 0.06545). In this situation, the mesh is refined until the two finest meshes give indistinguishable results. The value on the finest mesh will be used for later analysis.
• The lift force forms a straight line as the drag force does at the high solid volume fraction, e.g., c=0.5, indicating that the convergence rate is second order. In this case, the final value of the lift force will be calculated by the Richardson extrapolation. • Recently, high speed imaging has shown that about 20% of particles are rotating at high speeds in a riser flow field. Based on the measurements conducted by Shaffer et al. [9] , the average rotation rate of particles in the riser flow is around 22,700 rpm and the maximum rotation rate can reach as high as 90,400 rpm.
• Considering that the diameter of particles they used is around 750 microns, the corresponding rotational Reynolds numbers of the mean and maximum rotations rates are 130 and 520, respectively.
• Therefore, our simulations of lift forces at the rotational Reynolds number up to 100 are not outside of the practical range and thus are helpful for researchers to understand that the lift force is not negligible in simulating fluid-solid flows. In previous simulations, effects of the particle rotation on lift forces are not considered
